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A3 9tk Fig 21 & gibakol A
Coclodinium polykrikoides , Heterosigma akashiwo , Gymnodinium mikimotoi,

Gyrodinium sp.9] A& H o3 gl

Fig 2.1 Harmful algae in fisheries in Korea. Coclodinium polykrikoides(A),

Heterosigma akashiwo(B), Gymnodinium mikimotoi(C), Gyrodinium(D) sp
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Fig 2.2 Coastal area affected red tide blooming in Korea



shefsh 2ol Mz

A Aoz A=

St 7=

o
o
Jo

il

—_
o

=y

o
oF

b, Aol

=)

Ao B

[e]
=

o}
ar

—_
o

s 3 glont uirkel 445

3l = = 4]

w3

o ¥ &% o

=

<3

eggde A

th. 19959 997} Zo] H=

=)

A, ZelFAL, 2718 A71E el Ba
4 Az} FER F7Ibe) A

el

FHasA7l= A

=
=

3

il 2kdAe] ¥

3]

-7
T

TAt] A

kel

H



Amount

Red tide| Damaged sea ! Number
Year . Damaged fishery (hundred .
organism area o of times
million won)
Cochlodi- T eong, ellowtail, sea bass,
1993 | CnOAT) toneyeons Y 84 38
nium | Goseong, Geoje flatfish etc.
1994 “ Geoje flatfish 5 29
Namhaean, flatfish, Epinephelus
1995 “ Donghae, All fario, yellowtail, 764 65
coast abalone, sea squirt
1996 . Gyeongnam, ﬂatﬁs'h, Epinephe'lus ) 61
Jeonnam coast fario, yellowtail
Gyeongnam, ,
flatfish, Stephanolepis
1997 “ Jeonnam, Busan, o 15 62
cirrhifer
Gyeongbuk
Epinephelus fario,
T , lowtail,
1997 . ongyeong yellowtai | 16 12
Namhae Oplegnathus fasciatus
efc.
yellowtail, Epinephelus
. Tongyeong, . .
1999 fario, Pagrus major, 3.2 83
Pohang ) )
Sebastes inermis efc.
yellowtail, Epinephelus
2000 “ Gyeongnam , 26 68
fario etc.
Jeonnam, ] .
Epinephelus fario,
2001 “ Gyeongnam, 84 42

Gyeongbuk etc.

yellowtail efc.

Table 2.1 Fisheries to be affected by harmful algae
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(?rite Area size Red tide concentration (ontogeny/mlL)
ria
Appeara over 1 ontogeny
nce
- Dinoflagellata
Chattonella sp. : over 50
When the Cochlodinium sp. : over 300
concern to Gymnodinium sp. : over 500
fishery Gymmodinium mikimotoi : over 1,000
Warning damage and the like : over 30,000
within a
2~5km (12 - Diatoms : over 50,000
~79%r)
- Mixing type : over 40,000 in the over 50% of
dinoflagellata
- Dinoflagellata
Chattonella sp. : over 100
When the Cochlodinium sp. : over 1,000
appeared Gymnodinium sp. : over 2,000
big damage Gymmodinium mikimotoi : over 3,000
Alarm to fishery and the like : over 50,000
and concern
within a - Diatoms : over 100,000
5km (79%r)
- Mixing type : over 80,000 in the over 50% of
dinoflagellata
When the red tide has been destroyed and the no risk of
Release | damage the fishery, recovered of quality of water to normal
stat.

Table 2.2 Forecasting criteria for red tide occurrence

(http:/ / portal.nfrdi.re.kr/external/ environment/ redtide/ operation/ operation_04.jsp)
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Methods

Application
principle

Application material

Chemical spray

Ultrasonic

Ozone

Filtration-sedim

-entation

loess spray

Biological

remedy

Death-destruction

Destruction

Toxic

counteraction

Agglutination-filtr

ati-on-centrifuge

Adsorption-death

Sea plant

extraction material

Copper

sulphate-compound

Ultrasonic(160 ~4,000kHz)

Ozone

flocculant-surface active

agent
Activity clay
Physiological active

material-Ciliatea-

Crustacea-Diatoms

Table 2.3 Technologies for red tide control
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=374 %4 (US Environmetnal Protection

Agency, USEPA)Y ul=&T7]|&HUS Army Corps of Engineers, US
ACE)o] 2%3ala 9o m(Wayne ef al, 2002), A4 A 1 Ao &
3t T2 EZLS “Inland Testing Manual" (USEPA and US ACE, 1998)<}
"Green Book" (USEPA and US ACE, 1914 Zrzh ©F31 Ut
Mulligan®] H o] 9]3td oF 30x10° m’e] FAEV} g1} ghatol F|
AEo] gl o]F 3~12x10° m’e] FHE} AsiA e @=l vtz 3
o w3k FAES oF 10%7F LEEH e, 100 ool 1007] &
9] suferfund AlO|EZF R Aoz oA JthMulligan et al,
2001).

FHe BF SHET §A0 A= FFE Wi TLEA Ast
o 20001d SENSPOL(European Network on Sensors for monitoring
water pollutions) network® X3t FHEV}L &4l v FF 2
g1 o2 s Zslr] Y3 e xAHo 7 AFEL YTHS. Alcock et
al., 2003). ©o]5¢] H o] w2 Lambro, Po, Adda, Isar, Elbe 75l A
20710 NS AAstd AWE A A IFL F 5 Y= =4
o A%, 4T 9 17%IA FH 3T AL 10%74A Dgsas. =
229 A%, 9% g 3% B I AL 0% WS 7
2% 2 2AEY dEase] 49 1
10° m’e] o 9® FHEJL 24T Aoz A= o= uysAY
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remediation WH-E o83 AAESE WHEE HAESIT dtH(Vierken,

1998).
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o TgHH Jl=EI ZE9 3% 3mg/kg 2 14mg/kgo & A
EYdedrlE 7HAY 2 Ay TS
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Dredged soil slurry
Parameters Activity sludge
(Btimes dilution)
TCOD (mg/L) 2,171 8,155-10,969
SCOD (mg/L) 46 108-377
SS (mg/L) 2,600 191,150-268,650
VSS (mg/L) 2,450 14,450-24,350
TKN (mgN/L) 116 213-306
NH4-N (mgN/L) 7.8 8-18
NO2-N (mgN/L) 0.7 0-0.3
NO;-N (mgN/L) 47 0.8-1.2

Table 3.1 Chemical characteristics of active sludge and dredged soil

Heavy metal

Content (mg/kg)

Concern level in soil pollution

A area B area
Lead (Pb) 46 100 400
Nickel (Ni) 50 - -
Copper (Cu) 29 50 200
Zinc (Zn) 143 - -
Cadmium (Cd) 3 1.5 20
Chromium (Cr) 14 4 12

Table 3.2 Contents of heavy metals in

levels in soil

_16_
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FHEY FHd 2RSS nAF] skl 235 AA I 10
ujol Sges JAAKHPONS FASAT. £, AN A% FF

FARAR FHE FEFELS QUATYT 285 A2l ol §
A3 F= olslE HA A3} 7T
Metal Concentrations (mg/Kg DS) Before and
Metals | P addition after P addition
S1 S2 S3 4 sb S6
Before 14 16 18 12 12 19
Cu
After 3 3 2 3 4 3
Before 102 101 106 85 86 54
“n After 33 32 34 35 38 19
cd Before 6 8 8 16 6 6
After BDL BDL 4 3 3 3
Before 37 38 31 35 35 29
o After 18 16 18 15 15 8
] Before 25 19 25 24 18 31
N After 12 12 10 8 12 11

Table 3.3 Metal concentrations before and after phosphorous addition

in the dredged soil
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polykrikoidesS 3+=-=4tap 8t ol Al B okukgko ™, Table 34 ¢ 73 f2-Si
Hi A & o] &3t 24T g2z A 1247t THAH 02 FxA7 d=x1&
Wty AZAES vttt vjdste Bt A 1Y 23] FuRkst

At.

Primary Stock  Solution )
Secondary Filtered Sea Water
Chemicals Distilled IO Stock (1000 ml)*
NaNO; 37.5g/0.5L A 1 ml/L
NaH,PO,.H,O 2.5g/0.5L B Iml/L
Nax EDTA 2.18g/0.5L C
1 ml/L
FeCl,.6H,O 1.575g/0.5L
MnCl>.4H,O 0.09g/0.5L D
CoCl,.6HO 0.005g/0.5L
CuS04.5H0 0.005g/0.5L Iml/L
ZnSO.7H0 0.011g/0.5L
Na;MoO4.2H0 0.003g/0.5L
Bl 0.25mg/0.5L F
Biotin 0.25mg/0.5L 1 ml/L
Thiamine HCI 0.05g/0.5L

Table 34 Ingredients of f/2 stock solution (Guillard and Ryther 1962)

* Filter sterilize at 0.22uM before use and store at 4T
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TAHEAES ol&sto] AxF HJxFAEe] a5 AAVEE 2
A7) 913 AP A A AFE Fig 3.2 oA BFE w3 Axpd wat
S5 BIHEAE S ol &5t RSk MA A4¥E 915t 500mL H|

Aol /2 v A BjkE HZAE C. polykrikoidesES o1,
z7] C. polykrikoides®] L=+ 1,800-2,000cell/ mLo]gltt. A2 9|5}t
Smge] AzFAEZE 10mLe] E3 E3 & FH|d H2ddbr Y +
Aol FALZIE o] 8ot AExsATh AXE 1A Fo 10mLe] A2 A
FstHon, Utermphl's solution (0.05 ml/l)ez mAsHTt AFHE
A &= Sedwick-Rafter cell(S-R cell)oll 3} 10uf8-<] #3 &HnulH
(Nikon YF-L)& ©]&38l H2AES] AT & AFsdth E3h A5 ¢
Fe Hx7AEAC] A= AZEHY A4 rA= TS B3t
7] st 4T A BBt EE, FEES o183t AUl Ze AY
< st JxTAlES 9 H2AE AAVEE FHAHAEESTH A

z% FAZA7 vz

Fig 3.2 Test procedure for red tide remediation material (A: f/2
medium, B: C.ploykrikoides addition, C: s praying of sediment or soil, D:

sample collection and storage)
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e T AR AFBSES Tl A EY D=7 FH v
st Atid ez Eohal Awd 3x R HASt A4z AP L1 2
ez stk 2+ AR o A2 oF 100mx100mo] o™, z+z}
o A A= AE 2F 500m HolR Al x5t AJT. ol
s e =28 24.27CHe, HZAES C. polykrikoides2] WA =
=

ot
P

Y AZTABAL o =28 o143t 329 AFSA
doll Axstgom, APA L2 Mo 428 HzrA8de) AxF
Fe Z4zh BT 04, 06, 09g/mol Atk H2PAEAe] A5 Hrtsy
A ATR 9 AT F 108, 308 L 0% e A

-

N

SedwickRafter cell(S-R cel)& o|&3ste] HAXABES ATttt EEAE

o tale HZAE Al AL 103 W&} Chlorophyll a® A&
100mLE o7 (Whatman GF/F filter, 0.7mm pore size)3t % o3&
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NOs;-N, NO;-N & <l £ o] &35t
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Fig 4.1 TCOD variation of the reactor depending on HRT
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Fig 4.2 SCOD variation of the reactor depending on HRT
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Fig 4.3 TSS variation of the reactor depending on HRT
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Fig 4.4 VSS variation of the reactor depending on HRT
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Fig 4.16 Effect of phosphorus addition on the removal of lead(Pb) in
the sediment
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Fig 4.18 Effect of phosphorus addition on the removal of copper (Cu) in
the sediment
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Fig 4.19 Effect of phosphorus addition on the removal of zinc (Zn) in the

sediment
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Fig 420 Effect of phosphorus addition on the removal of

cadmium(Cd) in the sediment

Fig 4.21 Effect of phosphorus addition on the removal of chromium
(Cr) in the sediment
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ABSTRACT

A study on the decontamination of dredged coastal sediment and its
utilization for red-tide control were performed. The organic matter
contained in the sediment could be stabilized aerobically, but the
performance was affected by the content of soluble and degradable
organics. For the sediment with high organic content of 2000 mg
SCOD/L, the SCOD could be decreased to 400mg/L in the aerobic
stabilization reactor with 5days HRT after the acclimation of 60days.
In the case of the sediment with lower organic content (100-400mg
SCOD/L), the stabilization efficiency was relatively lower than the
sediment with higher SCOD. However, the stabilization of organic
matter in the sediment could be enhanced by some pretreatments,
such as alkaline (NaOH) treatment or ultrasonication, increasing the
degradability of the organic matter. The heavy metals contained in
sediment could be detoxified by the metal-phosphate immobilization
with an ultrasonication, and the immobilization performance was
affected by both the equivalent ratio of metal and phosphate and the
ultrasonication (intensity, radiation time). The stabilized sediment was
quite effective for the red-tide control in near shore coastal sea. When
the sediment (diluted to proper concentration) was sprayed on the sea
water surface, the sediment particles were quickly settled down to the
bottom. During the settling, the tiny particles of the sediment was
attached on the surface of the red-tide organisms, and swept out

from the sea water. The effectiveness of sediment on the red-tide

Vi



organisms could be described by a surface adsorption, a control
failure of the osmotic pressure and an expansion and rupture of the
cell wall, and the removal from the settling. It was concluded that
the dredged sediment could be used as a good material for the
red-tide control in coastal sea, if the pollutants including degradable

organics and heavy metals were stabilized.
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